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Progress  Report 

INTERMITTENT PUMPING-TYPE SAMPLER 

I. INTRODUCTION 

I .  Purposcz of t h i s  development--Work on t h e  i n t e r m i t t e n t  pumping-type 
sampler i s  p a r t  of an i n v e s t i g a t i o n  aimed a t  development of new devices  
t o  au tomat ica l ly  measure suspended-sediment loads i n  streams. Although 
t h e  development i s  based on a cons ide ra t ion  of a l l  f a c t o r s  involved i n  t h e  
d ischarge  of suspended sediment,  t h e  problem has been s i m p l i f i e d  i n  t he  
primary s t ages  by concent ra t ing  on t h e  determinat ion of t h e  suspended- 
sediment concent ra t ions  a t  one po in t  i n  t h e  c ros s - sec t ion  of a stream. 

The pumping sampler i n v e s t i g a t i o n  i s  i n  two p a r t s :  (1) development of 
a n  i n t a k e  and pumping system t h a t  w i l l  c o l l e c t ,  a r e p r e s e n t a t i v e  sample 
from t h e  stream, and (2) development of a record ing  system t h a t  w i l l  record 
sediment concent ra t ion  accu ra t e ly .  

2. Personnel and acknowledgments--The Federa l  Inter-Agency Sedimentation 
P r o j e c t  i s  loca ted  a t  t h e  S t .  Anthony F a l l s  Hydraulic Laboratory, Univers i ty  
of Minnesota, under t h e  immediate superv is ion  of an  Inter-Agency Technical 
Committee. The general  p r o j e c t  i s  sponsored by t h e  Subcommittee on Sedi- 
mentat ion of the  Inter-Agency Committee on Water Resources. Funds a r e  
con t r ibu ted  by t h e  Geological Survey, Corps of Engineers,  S o i l  Conservation 
Serv ice ,  Bureau of Reclamation, Agr i cu l tu ra l  Research Serv ice ,  and 
Tennessee Valley Author i ty .  

The r e p o r t  was prepared by H.  H. Stevens Jr. who b u i l t  and opera ted  t h e  
f i e l d  i n s t a l l a t i o n  and a s s i s t e d  i n  t h e  design of t h e  u n i t .  B. C. Colby, 
p r o j e c t  superv isor ,  developed t h e  general  design;  supervised the  opera t ion ;  
and reviewed t h e  r e p o r t .  

M r .  D. M. Culbertson, D i s t r i c t  Engineer,  Qual i ty  Water Branch, U.  S. 
Geological  Survey, Lincoln, Nebraska, furn ished  personnel t o  he lp  i n  t h e  
f i e l d  cons t ruc t ion  and t o  c o l l e c t  and ana lyze  suspended-sediment samples. 
M r .  A .  F. Pendleton, Engineer-in-charge, Surface Water Branch, U. S .  
Geological  Survey, Grand I s l a n d ,  Nebraska, furn ished  personnel  t o  he lp  i n  
t h e  maintenance of t h e  f i e l d  i n s t a l l a t i o n .  

Pumping samplers have been used before.  One of t he  most e l a b o r a t e  
i n s t a l l a t i o n s  was repor ted  by G. Braudeau i n  La Houi l le  Blanche, Numero 
Spec ia l a ,  Mai 1951. 



11. LOCATION AND STREAM FLOW CHARACTERISTICS 

3. bocatiog--The i n t e r m i t t e n t  pumping sampler i s  i n s t a l l e d  on t h e  
North Loup River 3 miles  no r th  of S t .  Paul ,  Nebraska. (See F ig .  1 & 2 . )  
The sampler i n s t a l l a t i o n  i s  on t h e  south bank of t h e  r i v e r  230 f e e t  down- 
stream from t h e  br idge  on U.  S.  Highway 281. 

The North Loup River was chosen f o r  t h i s  f i e l d  s tudy because i t  has a 
continuous water  and sediment d ischarge .  The S t .  Paul s i t e  was chosen 
because of t he  s tream-gaging and sediment-sampling s t a t i o n  and the  
a v a i l a b i l i t y  of power. The r i v e r  banks a t  t h i s  s i t e  a r e  s u f f i c i e n t l y  high 
t o  prevent  submergance of equipment dur ing  f lood  flows. A bend i n  t h e  
r i v e r  upstream from t h e  highway br idge  tends t o  concent ra te  t h e  flow near  
t he  south bank, a condi t ion  which s imp l i f i ed  t h e  design of t h e  in t ake  
s t r u c t u r e .  

4 .  North Loup River--The North Loup River  flows i n  a general  south- 
e a s t e r l y  d i r e c t i o n  jo in ing  t h e  Middle Loup River 4 mi les  below S t .  Paul ,  
Nebraska, t o  form t h e  Loup River.  The t o t a l  l ength  of t h e  North Loup 
River i s  about  190 mi les .  The main t r i b u t a r y  i s  t h e  Calamus River which 
jo ins  t h e  North Loup River near  Burwell, 60 mi l e s  above S t .  Paul .  

The upper two-thirds  of t h e  North Loup Basin i s  i n  t h e  s a n d h i l l s  
region of no r th -cen t r a l  Nebraska. The s a n d h i l l s  a r e  blanketed by dune 
sand of varying depths on moderate s lopes ,  which a r e  s t a b i l i z e d  by g ra s s  
cover.  The remainder of t h e  bas in  i s  o v e r l a i n  w i t h  l o e s s  on r o l l i n g  t o  
s t eep  s lopes .  This  a r e a  i s  used f o r  genera l  farming, 

5 .  Stream flow pat tern--The dra inage  a r e a  of t h e  North Loup River up- 
stream from S t .  Paul i s  4,460 square mi l e s ,  of which only about  1 ,270 
square miles  c o n t r i b u t e  d i r e c t l y  t o  s u r f a c e  runoff .  The s o i l  i n  t h e  sand- 
h i l l  region r e a d i l y  absorbs r a i n f a l l  and dra inage  out  of t h e  reg ion  i s  
from ground water  which provides s t a b l e  s t ream flow. I n  c o n t r a s t ,  storm 
runoff from t h e  l o e s s  a r ea  produces l a r g e  f l u c t u a t i o n s  i n  stream discharge .  
(See the  Appendix, Sec t ion  37 .) 
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The average d ischarge  of t he  r i v e r  over 31 yea r s  of record (1895-97, 
1928-57) was 888 c f s  (cubic f e e t  per  second).  The maximum d a i l y  flow 
dur ing  the  above per iod  was 90,000 c f s  on June 6 ,  1896, and minimum d a i l y  
flow was 85 c f s  on August 8 ,  1941. Water d i scharges  dur ing  t h e  per iods  
t h a t  t h e  i n t e r m i t t e n t  pumping sampler was i n  ope ra t ion  a r e  summarized i n  
Table 1. The d a i l y  discharges a r e  shown i n  Table 8 ,  i n  Sec t ion  37 of t he  
Appendix. The f i g u r e s  shown a r e  from p rov i s iona l  records  and a r e  s u b j e c t  
t o  r ev i s ion .  The mean d a i l y  d ischarge  f o r  the  80 day ope ra t ing  per iod  i n  
1957 was 1 ,051  c f s ,  929 c f s  f o r  t h e  162 day per iod  i n  1958, and 764 c f s  
f o r  t he  182 day per iod  i n  1959. The maximum d a i l y  d ischarge  w i t h i n  t h e  
periods of sampler opera t ion  was 4,860 c f s  on J u l y  24, 1958 and t h e  mini- 
mum d a i l y  d ischarge  was 303 c f s  on August 1, 1959. 

6 .  Suspended sediment--Records of suspended-sediment d ischarge  of t he  
North Loup River near  S t .  Paul ,  Nebraska, a r e  a v a i l a b l e  from A p r i l  11, 1946 
t o  September 30, 1958. Daily measurements were made from Apr i l  11, 1946 
t o  June 30, 1953. Pe r iod ic  measurements were made dur ing  the  remainder 
of the  per iod .  The maximum d a i l y  sediment d ischarge  dur ing  the  per iod  
Apr i l  11, 1946 t o  June 30, 1953 was 463,000 tons on June 22, 1947; and 
t h e  minimum d a i l y  sediment d ischarge  was 20 tons on August 3 ,  1946, and 
February 22, 1953. The maximum d a i l y  sediment concen t r a t ion  dur ing  t h e  
same per iod  was 17,200 ppm ( p a r t s  per  m i l l i o n )  on A p r i l  27, 1951. (See 
Appendix, Sec t ion  38.)  The maximum observed concent ra t ion  was 33,600 ppm 
a t  9:45 a.m., A p r i l  27, 1951. The maximum observed concent ra t ion  during 
t h e  period J u l y  1, 1953, t o  September 30, 1958, was 23,000 ppm a t  9:30 a.m., 
J u l y  9 ,  1958, 

During low flows t h e  s a n d h i l l  a r ea  i s  t h e  main source  of water  and 
suspended sediment.  S i ze  ana lyses  of suspended-sediment samples c o l l e c t e d  
dur ing  per iods  of low flow show t h a t  about 48 percent  i s  f i n e r  than  0.062 
mi l l imeter  and 100 percent  i s  f i n e r  than 0.50 m i l l i m e t e r .  The median 
p a r t i c l e  s i z e  n o t  weighted w i t h  water  d i scharge  i s  about 0.069 mi l l ime te r s .  
The main source  of water  during high flows i s  storm runoff  from t h e  l o e s s  
reg ion  i n  t h e  lower p a r t  of t h e  r i v e r  bas in .  S i ze  ana lyses  of suspended- 
sediment samples from periods of high flow, above 2,000 c f s ,  show t h a t  
about 88 percent  i s  f i n e r  than 0.062 mi l l ime te r  and 100 percent  i s  f i n e r  
than 0.50 mi l l ime te r .  The unweighted median p a r t i c l e  s i z e  i s  about  0.009 
mi l l ime te r s .  



TABLE 1 

SUMMARY OF WATER DISCHARGE NORTH LOUP RIVER 
FOR P E R I O D S  OF SAMPLER OPERATION 

[ i n  cu f t  p e r  sec]  

September 2 - 30 

N o v e m b e r  1 - 2 0  

O c t o b e r  1 - 8 

A p r i l  2 8  - 30 

O c t o b e r  1 - 26 



111. PUMPING SYSTEM 

7 .  Zhelter--The equipment s h e l t e r  (Fig. 3)  i s  an  8 by 10 f t  frame 
bu i ld ing  30 f t  from t h e  r i g h t  bank of t he  r i v e r  and 230 f t  downstream 
from t h e  highway br idge .  The sedimentat ion tank and pumping equipment 

Fig. 3 - INTERMITTENT PUMPING SAMPLER SHELTER 



8. Basic  operation--A schematic diagram of t h e  i n t e r m i t t e n t  pumping 
sampler i s  shown i n  Fig.  4. A 28-gallon sample i s  pumped i n t o  t h e  
sedimentat ion tank every 30 minutes.  Preceding each sampling per iod ,  28 
ga l lons  of t h e  nea r ly  c l e a r  water  a t  t h e  top of t h e  sedimentat ion tank i s  
pumped back through t h e  i n t a k e  system t o  remove any deb r i s  o r  sediment 
t h a t  c o l l e c t e d  i n  t h e  i n t a k e  dur ing  t h e  i n t e r v a l  between pumping cyc le s .  

9.  Cycle of operation--The cyc l ing  i s  c o n t r o l l e d  by t h e  e l e c t r i c a l  
system (Fig.  5) which opera tes  a s  fol lows:  

a .  The cyc le  of opera t ion  i s  s t a r t e d  when t h e  primary t iming motor 
(1130 rpm) and cam s t a r t  t h e  f l u s h  pump which pumps the  top  2 
inches of superna tan t  l i q u i d  out  through t h e  in t ake .  

b .  When the  water  l e v e l  i n  t h e  sedimentat ion tank reaches a pre- 
determined l e v e l  t he  lower l i m i t  switch of t h e  water  l e v e l  
c o n t r o l  s tops  t h e  f l u s h  pump and s t a r t s  t h e  s i l t  pump and 
secondary t iming motor (1 /4  rpm). 

c .  During the  f i r s t  50 seconds t h a t  t h e  s i l t  pump opera tes  t h e  
s p l i t t e r  i s  i n  t h e  was te  p o s i t i o n  t o  al low t h e  sediment 
concent ra t ion  i n  t h e  pumped flow t o  become cons tan t  . 

d.  A t  t h e  end of t h e  waste  t ime a cam on t h e  secondary timing motor 
s t a r t s  t h e  s p l i t t e r  motor which moves t h e  supply l i n e  t o  t h e  
sampling pos i t i on .  When t h e  sampling p o s i t i o n  i s  reached, t h e  
s p l i t t e r  con t ro l  arm opens t h e  sample p o s i t i o n  l i m i t  switch and 
t h e  motor s tops .  

e. A f t e r  t h e  water  l e v e l  i n  t h e  sedimentat ion tank has r i s e n  2 
inches ,  t h e  upper l i m i t  swi tch  of t h e  water  l e v e l  con t ro l  
s t a r t s  t h e  s p l i t t e r  motor aga in .  The motor moves t h e  s p l i t t e r  
back t o  t h e  was te  p o s i t i o n  and i s  stopped when t h e  waste  
p o s i t i o n  l i m i t  switch opens. 

f .  The s i l t  pump cont inues t o  d ischarge  i n t o  t h e  wasteway u n t i l ,  
a t  t h e  end of four  minutes ,  t h e  pump i s  stopped by a cam on 
t h e  secondary t iming motor. 

g. Since t h e  primary t iming motor cont inues  t o  run,  t h e  cyc l e  i s  
repea ted  every 30 minutes.  

I f  t h e  s i l t  pump f a i l s  t o  b r i n g  i n  a f u l l  sample because t h e  i n t a k e  i s  
plugged o r  t h e  stream i s  below t h e  i n t a k e ,  t h e  upper water  l e v e l  l i m i t  
switch w i l l  no t  c lo se ,  and t h e  s p l i t t e r  motor w i l l  no t  move t h e  s p l i t t e r  
back t o  t h e  waste  p o s i t i o n .  The s a f e t y  switch on t h e  s p l i t t e r  con t ro l  w i l l  
then remain open and t h e  pumps w i l l  no t  ope ra t e  dur ing  t h e  fol lowing cyc le  
per iods .  

Two double-pole single-throw (DPST) switches permit  manual ope ra t ion  of 
t he  pumping cyc le  between t h e  r egu la r  cyc l e  per iods  and a l s o  al low u s e  of 
t h e  s i l t  pump t o  f i l l  t h e  sedimentat ion tank. 
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FIG. 4-SCHEMATIC DIAGRAM OF INEERMI"$"V"ET PUMPING SAMPLER 





Whenever t he  s p l i t t e r  i s  i n  t h e  sampling p o s i t i o n ,  t h e  cyc le  i n d i c a t o r  
switch on t h e  s p l i t t e r  con t ro l  i s  c losed  and t h e  cyc l e  i n d i c a t o r  motor i s  
a c t i v a t e d .  This motor opera tes  an  a u x i l i a r y  pen i n  t he  load recorder  t o  
make a  s e r i e s  of s h o r t  dashes on t h e  r i g h t  s i d e  of t h e  recorder  c h a r t .  
(See F ig .  6 . )  

FIG. 6 - a C L E  INDICATOR 

10.  Pumps--A pump wi th  a  f l e x i b l e  rubber impel le r  and dr iven  by a  
one-horsepower, 1,750 rpm, e l e c t r i c  motor was s e l e c t e d  a s  t h e  most s u i t a b l e  
s i l t  pumping u n i t .  The pumps w i l l  handle a  water-sediment mixture w i t h  
s o l i d s  up t o  10% by weight.  The suc t ion  and d ischarge  openings a r e  
1-inch p ipe .  The d ischarge  i s  10 ga l lons  per  minute t o  maintain a  v e l o c i t y  
of a t  l e a s t  4.5 f t / s e c  i n  t h e  in t ake .  The t o t a l  pumping head i s  42 f t  
(18 f t  l i f t  and 24 f t  f r i c t i o n  head).  A check va lve  he lps  maintain prime 
i n  t h e  s i l t  pump. (See F ig .  4 . )  Also a  small  p ipe  from t h e  f l u s h  pump 
l i n e  supp l i e s  ex t ra  water  t o  r e s t o r e  prime when a twig o r  o the r  deb r i s  
prevents  complete c lo s ing  of t h e  check va lve  between pumping cyc les .  

The f l u s h  pump u n i t  i s  t h e  same type  a s  t h e  s i l t  pump u n i t .  A smal le r  
f l u s h  pump would be adequate but d u p l i c a t e  u n i t s  s imp l i f i ed  cons t ruc t ion  
and replacement of p a r t s .  A normally c losed  so lenoid  pinch va lve  i s  used 
i n  t h e  f l u s h i n g  l i n e  because t h e  impel le r  type pump w i l l  no t  s e a l  i t s e l f  
when stopped. The so lenoid  va lve  was s e l e c t e d  f o r  economy. 



The s a f e t y  switch on the  s p l i t t e r  descr ibed i n  Sec t ion  9 keeps t h e  
pumps from running when dry .  Overheating quickly des t roys  the  pump 
impel le rs  when t h e  pumps a r e  run dry.  

11. --The s p l i t t e r  assembly i s  shown i n  F ig .  7. The r i v e r  
water  from the  s i l t  pump i s  discharged i n t o  the  s p l i t t e r  through a  
f l e x i b l e  p ipe .  A 1.7 rpm gear  motor moves t h e  s p l i t t e r  supply l i n e  
between t h e  waste and sampling p o s i t i o n s .  Two l i m i t  switches con t ro l  
t h e  movement of t h e  s p l i t t e r  rod.  A 2-inch p ipe  connects from the  
s p l i t t e r  t o  t h e  sedimentat ion tank. 

12. Sedimentation tank--The sedimentat ion tank i s  shown i n  F ig .  8. 
The tank  i s  4 f t  8 i n .  square and 6 f t  deep. The w a l l  cons t ruc t ion  i s  
waterproofed concre te  block and the  f l o o r  i s  concre te .  A f l o o r  d r a i n  
and va lve  provide f o r  emptying the  tank.  

The sample from t h e  s p l i t t e r  e n t e r s  t h e  tank through a  d i f f u s e r .  The 
d i f f u s e r  helps  reduce t h e  d i s t u r b i n g  e f f e c t  of t he  e n t e r i n g  sample. 

The c l e a r  water  from t h e  sedimentat ion tank e n t e r s  t h e  f l u s h  pump 
through an  i n l e t  pan. The water en t e r s  t he  pan through a  s e r i e s  of t e n  
1- inch holes .  This l a r g e  d ischarge  a rea  reduces t h e  d ischarge  v e l o c i t y  
of t h e  f lu sh ing  warer and prevents  water  from being drawn from t h e  lower 
l e v e l s  of t h e  sedimentat ion tank. 



FIG. 7 - SPLITTER ASSEMBLY 
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FIG. 8 - SEDIMENTATION TANK AND BIT DETAILS 



I V .  INTAKF, 

13. Structure--The i n t a k e  s t r u c t u r e ,  shown i n  F ig .  9 ,  c o n s i s t s  of 
a  guide wa l l  which i s  p a r a l l e l  t o  t h e  stream flow. The guide w a l l  i s  two 
8 - f t ,  2 x  10 i n .  planks and one 8 - f t ,  2 x 6 i n .  plank mounted on 4 x  4  i n .  
p o s t s .  The upstream pos t  i s  fas tened  t o  an  o ld  b r idge  p i e r  and the  down- 
stream pos t  i s  braced t o  t h e  r i v e r  bank. The s t r u c t u r e  has wi ths tood  two 
win te r  i c e  flows wi thout  damage. 

14. Intake--The s tandard  i n t a k e  c o n s i s t s  of a  1 - in .  p ipe  coupling 
welded t o  a  s t e e l  p l a t e  and mounted f l u s h  t o  t h e  f a c e  of t h e  guide w a l l .  
Three in t akes  a r e  mounted on the  guide wa l l  t o  provide easy adjustment  of 
i n t a k e  e l eva t ion .  A 1 - in .  p l a s t i c  p ipe  connects t h e  i n t a k e  t o  t h e  s i l t  
pump. The var ious  types of i n t akes  t h a t  have been t e s t e d  a r e  shown i n  
F i g .  10. The modi f ica t ions  cons i s t ed  of an  elbow in t ake  o r  one of t h e  
t h r e e  n ipp le  i n t akes  threaded i n t o  the  ou te r  end of t he  s tandard  i n t a k e  
coupling.  

15.  F i s h  trap--A f i s h  t r a p ,  shown i n  F ig .  11, was i n s e r t e d  i n  t he  
p l a s t i c  p ipe  about 5 f t  from t h e  r i v e r  i n t ake .  The r ec t angu la r  con- 
s t r i c t i o n  has a s l i g h t l y  smal le r  c ros s  s e c t i o n a l  a r e a  than t h e  i n s i d e  of 
t h e  p l a s t i c  p ipe .  

A l l  except t he  sma l l e s t  f i s h  t h a t  e n t e r  t h e  i n t a k e  a r e  t rapped ahead 
of t h e  c o n s t r i c t e d  s e c t i o n  and f lushed  back out  t h e  i n t a k e  dur ing  the  
f l u s h i n g  per iod  of t h e  next  pumping cyc le .  
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FIG. 9 - INTAKE STRUCTURE 



Outside o f  Guide Wal l  

3/16' Shee t  S t e e l  

- I "  P ipe  Coupling 

STANDARD INTAKE 

I "  S t r e e t  E l b o w  \ou ts ide  o f  S tandard  

l n t a k e  P l a t e  See'h" 

I" x 2" Nipple-  

ELBOW INTAKE 

I" x 2" N ipp le  - 
LONG N I P P L E  

Outside of Standard 
lntake Plate  See 'h" 

WITH P L A T E  

NIPPLE !&TAKES 

FIG. I0  - T Y P E S  O F  BMTAKES TEST ED 



Plast ic Pipe, Clamped 

Soldered t o  E a c h  E n d  

o f  Const r ic t ion 

/ B r a s s  Const r ic t ion 
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V. OPERATION OF INTAKE ANY) PUMPING SYSTEM 

16.  Period of operation--The i n t e r m i t t e n t  pumping type sampler was 
f i r s t  placed i n t o  opera t ion  September 2 ,  1957, and shut  down on November 
20, 1957. The system was r e a c t i v a t e d  dur ing  the  per iods  of A p r i l  30 t o  
October 8 ,  1958, and Apr i l  28 t o  October 26 ,  1959. Because of t he  500 
m i l e  t r a v e l  d i s t a n c e  t o  t he  s t a t i o n  and the  expense of keeping the  i n t a k e  
f r e e  of i c e  the  system was no t  opera ted  dur ing  the  win te r  months. 

17. The opera t iona l  record--The ope ra t iona l  record of t he  i n t e r m i t t e n t  
pumping sampler i s  shown i n  Table 2,  which l i s t s  t h e  periods and causes 
of ope ra t iona l  f a i l u r e s .  The f i r s t  per iod of opera t ion  i n  1957 
(September 2-November 20, 1957) was t o  check t h e  genera l  opera t ion  of t h e  
system. There were two per iods  of ope ra t iona l  f a i l u r e s .  The f i r s t  
f a i l u r e  was caused by a  malfunct ion i n  t he  sedimentat ion tank water  l e v e l  
c o n t r o l .  An e a r l y  w in te r  f r e e z e  and hea t e r  f a i l u re  caused the  second 
ope ra t iona l  f a i l u r e .  

During the  1958 season (Apri l  30-October 8 ,  1958) t he  sampler opera ted  
123  days of the  162 day per iod  f o r  a  76 percent  r eco rd ,  There were s i x  
per iods  of opera t iona l  f a i l u r e .  Three of t he  f a i l u r e s  were due t o  f i s h  
t h a t  en tered  the  in t ake  p ipe .  The f i s h  e i t h e r  caught on the  check va lve  
and stopped the  flow t o  the  pump o r  entered the  pump and damaged t h e  
impel le r .  The o the r  t h r e e  f a i l u r e s  were caused by the  s h i f t i n g  of t he  
r i v e r  bed which covered the  i n t a k e  w i t h  sediment. The s t a t i o n  was v i s i t e d  
only every 2  o r  3  weeks. However, most of t h e  f a i l u r e s  occurred j u s t  
preceeding the  s e r v i c i n g  pe r iods ,  and the  l eng th  of t h e  f a i l u r e  per iod  
was usua l ly  s h o r t .  

During the  1959 season (Apri l  28-October 26, 1959) t he  i n t e r m i t t e n t  
pumping sampler was i n  ope ra t ion  only 77 days of t h e  182 day per iod  f o r  
a  42 percent  record ,  There were seven ope ra t iona l  f a i l u r e s .  The f i r s t  
f a i l u r e  was caused by a  f i s h  t h a t  en tered  t h e  in t ake .  Five f a i l u r e s  
were caused by s i l t  t h a t  covered t h e  i n t a k e  and one f a i l u r e  was caused by 
a  mal fuc t ion  of t he  s i l t  pump r e l a y ,  Unlike the  1958 per iod  of ope ra t ion ,  
f a i l u r e s  occurred soon a f t e r  s e r v i c i n g  v i s i t s  t o  t h e  s t a t i o n  and f a i l u r e  
per iods  were long,  During most of t h e  season t h e  water  d i scharge  was low 
and tended t o  s h i f t  towards the  l e f t  bank. The low water  d i scharge  p a s t  
t h e  i n t a k e  s t r u c t u r e  was no t  s u f f i c i e n t  t o  prevent  t h e  s i l t i n g  of t h e  
i n t a k e  opening. 
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18. Evaluat ion of ope ra t iona l  record--A few minor modi f ica t ions  i n  t h e  
o r i g i n a l  des ign  of t h e  pumping system were made a s  a  r e s u l t  of experience.  
The o r i g i n a l  f l o a t  con t ro l  had a  tendency t o  s t i c k  near  t h e  upper l i m i t  
switch prevent ing  the  completion of t h e  s p l i t t e r  cyc le .  Preceding t h e  
1958 season t h e  f l o a t  con t ro l  was modified t o  e l imina te  t h i s  source  of 
f a i l u r e ,  

The s a f e t y  switch (descr ibed i n  Sec t ion  9)  was i n s t a l l e d  on J u l y  23, 
1958. Before t h a t  t ime t h e  s i l t  pump opera ted  wi thout  s u f f i c i e n t  water  
when t h e  i n t a k e  was obs t ruc ted .  A number of pump impel le rs  were damaged 
and i n  one case ,  July 22, t he  pump s h a f t  was damaged s o  t h a t  t h e  pump 
had t o  b e  brought back t o  t h e  l abo ra to ry  f o r  r e p a i r s .  The a d d i t i o n  of 
t h e  s a f e t y  switch prevented any f u r t h e r  pump damage. An e x t r a  supply 
of impe l l e r s  i s  maintained s o  t h a t  worn impel le rs  may be changed a t  t h e  
sampling s i t e .  

The l a t e s t  pumping system f a i l u r e  (September 4, 1959) was caused by 
t h e  s i l t  pump r e l a y  s t i c k i n g  c losed .  The p re sen t  r e l a y s  a r e  used near  
load capac i ty .  Continual ope ra t ion  near  load  capac i ty  o r  occas iona l  over- 
loading  damaged t h e  r e l a y  con tac t s  and caused t h e  r e l a y  t o  s t i c k  i n  t h e  
c losed  p o s i t i o n .  The u s e  of higher  capac i ty  r e l a y s  should c o r r e c t  t h i s  
d i f f i c u l t y  . 

F i s h  i n  t h e  i n t a k e  and s i l t  covering t h e  i n t a k e  opening have caused 
ope ra t ion  f a i l u r e s .  A number of devices  t o  prevent  t h e  f i s h  from en te r ing  
t h e  i n t a k e  were considered.  An e l e c t r i c  f i s h  r e p e l l i n g  device  t o  be 
mounted on t h e  i n t a k e  guide w a l l  was designed by t h e  U. S. F i s h  and 
W i l d l i f e  Serv ice .  This  was not  used because of p o s s i b l e  s a f e t y  hazards.  
An i n t a k e  guard of coarse  w i r e  screen  was t r i e d  bu t  i t  soon became clogged 
w i t h  g r a s s  and s traw.  Then t h e  p l a s t i c  p i p e  was clamped about  f i v e  f e e t  
from t h e  r i v e r  i n t a k e  t o  form a s l i t  318 inch  wide. This was l a t e r  r e -  
placed by the  f i s h  t r a p  descr ibed  i n  Sec t ion  15. The t r a p  has prevented 
f i s h  from harming the  pumping system. 

Three in t akes  were mounted i n  t h e  f a c e  of t h e  guide wa l l  t o  provide 
adjustment  of t h e  i n t a k e  e l eva t ion  a s  t h e  r i v e r  bed s h i f t e d .  The i n t a k e  
can be e a s i l y  a d j u s t e d  t o  t h e  d e s i r e d  e l e v a t i o n  a t  t h e  time t h e  s t a t i o n  
i s  inspec ted  bu t  s i l t i n g  i n  t h e  i n t a k e  can occur  between in spec t ion  t r i p s .  
I n  a  deep r i v e r  t h e  i n t a k e  can be placed f a r  enough from t h e  r i v e r  bed t o  
a s s u r e  con t inua l  opera t ion ,  bu t  t h e  use  of t h e  p re sen t  i n t a k e  s t r u c t u r e  
i n  a  shal low s h i f t i n g  r i v e r  r equ i r e s  f requent  i n spec t ion  t o  prevent 
ope ra t iona l  f a i l u r e .  



VL. SAMPLING EFFICIENCY 

1 9 .  Procedure--A s e r i e s  of t e s t s  were made t o  determine t h e  sampling * 
e f f i c i e n c y  of t he  i n t e r m i t t e n t  pumping sampler.  Samples were c o l l e c t e d  
and analyzed t o  determine (1 )  t h e  length  of time t h e  s p l i t t e r  should 
remain i n  t he  presampling o r  was te  p o s i t i o n ,  (2)  t h e  r e l a t i o n s h i p  of t h e  
sediment concent ra t ion  of t h e  r i v e r  a t  t he  i n t a k e  t o  t h a t  of t h e  pumped 
sample, ( 3 )  t he  r e l a t i o n s h i p  of t he  concent ra t ion  of t h e  r i v e r  a t  t he  
i n t ake  t o  t he  average concent ra t ion  of t he  r i v e r  a t  t h e  gaging s t a t i o n ,  
and (4) t h e  concent ra t ion  of t he  f l u s h  pump discharge.  

20. S p l i t t e r  tes ts--Three s e t s  of samples were c o l l e c t e d  a t  t h e  
s p l i t t e r  d i scharge  t o  determine t h e  length  of time requi red  f o r  t h e  s i l t  
pump t o  o b t a i n  a r e p r e s e n t a t i v e  sample. The f i r s t  sample i n  each of t h e  
t h r e e  s e t s  was c o l l e c t e d  5 seconds a f t e r  t h e  s i l t  pump s t a r t e d .  Addi t iona l  
samples were c o l l e c t e d  a t  10  t o  30 second i n t e r v a l s  dur ing  a  per iod  of 
about 2 1/22 minutes.  The r e s u l t s  of t hese  t e s t s  a r e  shown i n  Table 3 .  

TABLE 3 

LAG I N  SAMPLE CONCENTRATION AT SPLITTER 

[ i n  P P ~ I  

Time de lay  i s  from 
time pump s t a r t e d  
t o  s t a r t  of sample. 
Sampling time about 
5 secs  per  sample. 



I n  each of t h e  t e s t s  t he  sediment concent ra t ion  of the  s p l i t t e r  d i scharge  
became cons tan t  about 30 seconds a f t e r  t he  s i l t  pump s t a r t e d .  As a  r e s u l t  
of these  t e s t s  t h e  pumping con t ro l s  a r e  s e t  so  t h a t  t he  s p l i t t e r  remains 
i n  t he  presampling o r  waste  p o s i t i o n  f o r  50 seconds. 

21. S t .  Paul i n t a k e  tests--Samples were c o l l e c t e d  p e r i o d i c a l l y  i n  t he  
r i v e r  a t  t h e  i n t ake  w i t h  a  DH-48 suspended sediment sampler and from the  
s p l i t t e r  d i scharge  t o  determine the  r e l a t i o n s h i p  of the  concent ra t ion  of 
the  pumped sample t o  t h a t  of t he  r i v e r  a t  t he  in t ake .  The one inch f l u s h  
opening (s tandard  in t ake )  a s  we l l  a s  t he  modified i n t a k e s ,  shown i n  
F ig .  10,  were t e s t e d .  

The average v e l o c i t y  of t he  r i v e r  a t  t he  i n t a k e  i s  about  1 .40  f t  per  
sec .  The v e l o c i t y  of the  pumped sample through the  i n t a k e  opening i s  
about 4.40 f t  per  sec .  This gives a  v e l o c i t y  r a t i o  of 3 .14.  The 
suspended sediment flow i n  the  North Loup River p a s t  t h e  gaging s t a t i o n  
i s  descr ibed  i n  Sec t ion  6 .  

The r e s u l t s  of t h e  s tandard  in t ake  t e s t s  a r e  shown i n  F ig .  12 and i n  
Appendix, Table 10.  The concent ra t ion  of the  r i v e r  samples ranged 
from 164 ppm t o  20,900 ppm. Equal concent ra t ions  a r e  shown by the  diagonal  
l i n e .  The concent ra t ion  r a t i o  ( s p l i t t e r  concen t r a t ion / r ive r  concent ra t ion)  
ranged from 0.94 t o  1.11. S ize  analyses  of samples taken us ing  the  
s tandard i n t a k e  show t h a t  t he  s i z e  d i s t r i b u t i o n  of t he  suspended sediment 
i n  t he  pumped sample agrees  very c l o s e l y  wi th  the  suspended sediment 
conten t  of t he  r i v e r  a t  t he  in t ake .  

The r e s u l t s  of t he  modified i n t a k e  t e s t s  a r e  shown i n  F i g .  13  and 14 
and Appendix, Tables  11 & 12. The modified in t akes  could not  be t e s t e d  
i n  high r i v e r  concent ra t ions  because t h e  in t ake  s t r u c t u r e  i s  no t  s u f f i -  
c i e n t l y  a c c e s s i b l e  dur ing ,per iods  of high flow. The concent ra t ion  r a t i o s  
ranged from 0.94 t o  1 .10 .  

Resul t s  from t h e  S t .  Paul i n t ake  t e s t s  a t  t he  s t a t i o n  s i t e  ind ica ted  
t h a t  t he  s tandard  i n t a k e  i s  t h e  b e s t  because i t s  sampling e f f i c i e n c y  i s  
a s  good a s  t h a t  of t h e  modified in t akes  and i t  i s  l e s s  l i k e l y  t o  ca t ch  
r i v e r  d e b r i s .  

22 .  Dunning i n t a k e  tests--A po r t ab le  pumping system was opera ted  a t  

the turbulence flume on the  Middle Loup River a t  Dunning, Nebraska, t o  
t e s t  t he  var ious  types of i n t akes  i n  coa r se r  sediment flow. The 
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turbulence flume i s  a  s t r u c t u r e  f o r  inducing turbulence s u f f i c i e n t  t o  
suspend s u b s t a n t i a l l y  the  t o t a l  sediment load of a  stream.&/ A 10 f o o t ,  
2 x  12 i n .  board was mounted on t h e  br idge  p i l i n g s  t o  form a  guide w a l l .  
The end of t h e  guide w a l l  was extended downstream from t h e  p i l i n g s  so  
t h a t  t he  i n t a k e  mounting was d i r e c t l y  above the  measuring s i l l ,  The 
suc t ion  l i n e  t o  the  pump was a  1 i n .  p l a s t i c  p ipe  50 f t  long. Plow was 
con t ro l l ed  by a  manual pinch va lve  on the  d ischarge  p o r t  of the  pump. 
The t o t a l  depth of water  a t  the  i n t a k e  was 1 . 2  f e e t  and t h e  in t ake  was 
loca ted  0 .5  f e e t  above the  measuring s i l l ,  The average water  v e l o c i t y  a t  
the  sampling po in t  was 4.92 f t  per  s e c .  

S i z e  ana lyses  of t h e  sediment load pass ing  the  downstream s i d e  of t h e  
measuring s i l l  of t he  turbulence flume a t  t he  sampling po in t  show t h a t  
about 10 percent  i s  f i n e r  than 0.062 mi l l ime te r  and 100 percent  i s  f i n e r  
than 1 . 0  mi l l ime te r .  The median p a r t i c l e  s i z e  i s  about 0.25 mi l l ime te r .  

Resul t s  of t he  Dunning in t ake  t e s t s  a r e  shown i n  Table 4.  The in t akes  
t e s t e d  were t h e  same a s  those t e s t e d  a t  t h e  S t .  Paul  i n s t a l l a t i o n  w i t h  
two a d d i t i o n s .  Besides t he  I i n .  ( s tandard  i n t a k e ) ,  a 2 i n .  and 112 i n .  
openings i n  f l a t  p l a t e s  were t e s t e d .  Above a  v e l o c i t y  r a t i o  of 0.60 the  
1 i n .  f l u s h  opening (s tandard i n t a k e )  had a  concent ra t ion  r a t i o  of around 
0.80 but  dropped sharp ly  a s  t h e  v e l o c i t y  r a t i o  f e l l  below 0.60. The 2  i n .  
f l u s h  opening maintained a  high concent ra t ion  r a t i o  f o r  t he  lower 
v e l o c i t y  r a t i o s ,  Although many more t e s t s  should be made before  any 
d e f i n i t e  conclusions can be made, i t  seems t h a t  a  sampling e f f i c i e n c y  
above 80 percent  could be obtained f o r  most r i v e r  condi t ions .  

23. Re la t ion  of r i v e r  concent ra t ion  t o  concent ra t ion  a t  intake--Depth 
i n t e g r a t e d  suspended-sediment samples were taken a t  20 o r  more v e r t i c a l s  
i n  t he  r i v e r  c r o s s  s e c t i o n  near  t he  gaging s t a t i o n  i n  conjunct ion w i t h  
samples of t h e  r i v e r  a t  t he  i n t a k e  a t  var ious  times throughou% the  per iod  
of sampler ope ra t ion  t o  determine t h e  r e l a t i o n s h i p  of t he  concent ra t ion  of 
t he  r i v e r  a t  t h e  i n t a k e  t o  t he  average concent ra t ion  of t he  r i v e r  i n  t he  
c ros s  s e c t i o n  a t  t he  gaging s t a t i o n .  The c ros s  s e c t i o n  samples were 
c o l l e c t e d  by wading near  o r  a t  t he  sampler i n t ake  o r  from the  downstream 
s i d e  of t h e  highway br idge .  

11 Hubbell ,  D .  W . ,  and Matejka, D .  O., 1959, Inves t iga t ions  of Sediment - 
Transpor ta t ion  Middle Loup River a t  Dunning, Nebraska: U. S. Geological 
Survey Water Supply Paper 1476, p  11-12. 



TABLE 4 

INTAKE TESTS AT DUNNING, NEBRASKA 
[Samples c o l l e c t e d  6/5/59] 

1" x 2" Nipple 

1" x 9" Nipple 

1" E l .  po in ted  
Downs t r earn 

1" E l .  po in ted  

1" El .  po in ted  

(1) In t ake  v e l o c i t y  d iv ided  by 4.92 (average v e l o c i t y  of r i v e r  a t  
sampling po in t ) .  



The r e s u l t s  of the  cross sec t ion  samples a r e  shown i n  Table 5 .  

TABLE 5 

CROSS SECTION SAMPLES NORTH LOUP RIVER NEAR ST. PAUL, NEBRASKA 

Concentration of the  cross  sec t ion  samples ranged from 150 ppm t o  11,200 

ppm. The concentrat ion r a t i o  ranged from 0.97 t o  1.43 and averaged 1.19. 
The th ree  measurements which had concentrat ion r a t i o s  g rea te r  than 1.30 
were made during periods of low flow when the  main flow had moved away 
from the  south bank and the  pumping sampler in take .  

2 4 ,  --Periodic samples of the  f l u s h  pump discharge 
were co l l ec ted  t o  determine the  amount of suspended sediment pumped from 
the  sedimentation tank. The r e s u l t s  of t h e  ana lys i s  of these  samples a r e  
shown i n  Table 6 .  The sediment l o s s  of t h e  11 t e s t s  ranged from 11 t o  36 
percent.  The average l o s s  was 23 percent .  

When t h e  pumped sample enters  the  sedimentation tank some of t h e  f i n e  
sediment i s  ra i sed  up toward the  water su r face  by the  water c i r cu la t ion .  
This f i n e  sediment does not  s e t t l e  below t h e  e levat ion  of the  f lushing 
water i n l e t  pan (about 10 inches) during the  2 5  minutes between pumping 
cycles. The add i t ion  of a  f loccu la t ing  agent would decrease the  s e t t l i n g  
time of these  f i n e  sediments and reduce the  sediment concentrat ions i n  t h e  
f lrashing wa t e r e  



TABLE 6 

FLUSHING WATER TESTS 



V I I .  RECORDING SYSTEM 

25. Operation--The record ing  system shown i n  F igs .  4 and 8, records  
the  accumulated weight of t he  sediment.  The sediment depos i t s  on a 
weighing pan suspended near  t he  bottom of t he  sedimentat ion tank.  A load 
measuring device  i s  placed between the  h o i s t  and weighing pan and the  
accumulated load i s  recorded by a l i n e  graph r eco rde r .  

26. Weighing pan--The aluminum weighing pan, shown i n  F ig .  8 and 15 ,  
i s  4 f e e t  square and 3 f e e t  deep. An I-beam and cha in  c r a d l e  suspension 
connects t he  weighing pan t o  t h e  h o i s t .  Ro l l e r  guides mounted on t h e  
s ides  of t h e  sedimentat ion tank reduce f r i c t i o n  between the  weighing pan 
and sedimentat ion tank.  

The h o i s t  i s  connected t o  an  I-beam t r o l l e y  so  t h a t  t he  weighing pan 
can be moved o u t s i d e  t h e  s h e l t e r .  One s i d e  of t h e  weighing pan i s  hinged 
a t  t he  top so  t h a t  i t  can be opened t o  dump sediment. 

27. Baffles--Four shee t  metal b a f f l e s  d i r e c t  t he  suspended sediment 
i n t o  t h e  weighing pan. (See F ig .  8 .  ) The b a f f l e s  a r e  connected a t  t h e  
edges t o  form an  open end box 3 f e e t  square and 3 f e e t  deep. Three b a f f l e s  
conta in  a s e r i e s  of small  openings j u s t  below t h e  water  s u r f a c e  t o  prevent  
c i r c u l a t i o n  under t he  b a f f l e s  when water  i s  en t e r ing  o r  l eav ing  the  
sedimentat ion tank.  

28. Crane scale--The crane  s c a l e ,  shown i n  F ig .  16 ,  i s  a n  e l e c t r i c a l  
load pick-up device .  It conta ins  a load s e n s i t i v e  column t o  which a r e  
bonded four  r e s i s t a n c e  w i r e  s t r a i n  gages.  These gages form a n  e l e c t r i c a l  
balanced-resis tence br idge .  The load s e n s i t i v e  member and s t r a i n  gages 
a r e  enclosed i n  a t ubu la r  s h e l l .  The s h e l l  and load s e n s i t i v e  member a r e  
screwed and pinned t o  an  eye a t  one end and a swivel hook a t  t he  o t h e r .  
A fou r  w i r e  cab le  connects t h e  c r ane  s c a l e  t o  t h e  r eco rde r .  

The c i r c u i t  diagram of t h e  c r ane  s c a l e  i s  shown i n  F ig .  1 7 .  When a 
load i s  l i f t e d ,  t h e  s t r a i n  causes a r e s i s t a n c e  change i n  t h e  s t r a i n  gages 
which unbalances t h e  br idge .  The recorder  supp l i e s  a f i x e d  vo l t age  t o  t h e  
c rane  s c a l e  b r idge  and t h e  output  vo l t age  i s  p ropor t iona l  t o  t he  br idge  
unbFlance and a l s o  t o  t h e  load.  

The load capac i ty  of t h e  c rane  s c a l e  i s  2,500 pounds w i t h  a maximum 
d e f l e c t i o n  of 1/16 of a n  inch.  



F i g .  15 - WEIGHING PAN 







29.  Recorder--The r eco rde r ,  shown i n  F ig .  18, i s  a  wide s t r i p  c h a r t  
recorder  c o n s i s t i n g  b a s i c a l l y  of an  automatic  nul l -ba lanc ing  measuring 
c u r c u i t  w i t h  i t s  power supply,  a  po in t e r  i n d i c a t o r ,  and a  record ing  pen. 

FIG. 18 - RECORDER 

The c i r c u i t  diagram of t h e  recorder  has been shown i n  F ig .  17. The 
power supply energizes  t he  i n t e r n a l  record ing  br idge  a s  we l l  a s  t h e  c r ane  
s c a l e  b r idge .  The output  vo l t age  from the  two bridges i s  compared i n  t h e  
instrument .  The d i f f e r e n c e  between the  two output  vo l tages  i s  ampl i f ied  
and used t o  d r i v e  a  balancing motor which i n  t u r n  d r ives  a  s l i d e w i r e  
con tac t  arm i n  such a  d i r e c t i o n  a s  t o  reduce t h e  d i f f e r e n c e  t o  zero .  The 
s l i d e w i r e  c o n s t i t u t e s  one l e g  of t he  instrument br idge  measuring c i r c u i t ,  
and consequently t he  br idge  output  vo l tage  i s  propor t iona l  t o  t he  s l i d e -  
w i re  con tac t  p o s i t i o n .  The p o i n t e r  i n d i c a t o r  and recording pen a r e  
mechanically l inked  t o  t he  s l i d e w i r e  and t h e  s t r i p  c h a r t  i s  graduated s o  
t h a t ,  a t  t h e  balance p o s i t i o n ,  t h e  i n d i c a t o r  and pen reading i s  equal t o  
the  load on the  crane s c a l e .  



30. Spring-transformer scale--The crane  s c a l e  was rep laced  by t h e  
s p r i n g  and t ransformer u n i t  shown i n  F ig .  19. It conta ins  a  c o i l  
extension load sp r ing ,  l i n e a r l y - v a r i a b l e  d i f f e r e n t i a l  t ransformer ,  and a  
t ransformer core  s t epp ing  device.  The load sp r ing  has a  1,400 pound load 
capac i ty  and a  d e f l e c t i o n  of about 114 inch  per  100 pounds. The d i f f e r -  
e n t i a l  t ransformer measures t h e  d e f l e c t i o n  of t he  load s p r i n g  i n  114 inch 
o r  about 100 pounds increments.  The d e f l e c t i o n  measuring increments a r e  
c o n t r o l l e d  by the  t ransformer core  s tepping  system shown i n  F ig .  20. 
When an accumulative load bu i ld s  up on t h e  spring-transformer s c a l e  t h e  
t ransformer housing and p i n  guide move downward toward the  base p l a t e .  
The t ransformer co re  leaves  the  cen te r  o r  zero p o s i t i o n  and approaches the  
top of t h e  t ransformer.  Af t e r  t h e  t ransformer housing and p i n  guide have 
t r ave l ed  114 inch t h e  p i n  guide c l e a r s  the  top p i n  a l lowing  t h e  p i n  t o  
t r i p  t o  i t s  ou te r  p o s i t i o n .  The s t e p  rod w i l l  then drop 114 inch  t o  t h e  
next  lower p in  which drops the  t ransformer co re  back t o  t h e  zero p o s i t i o n .  
This  opera t ion  cont inues f o r  t he  12 remaining p i n s .  

The c i r c u i t  diagram of t h e  spring-transformer s c a l e  i s  shown i n  F ig .  21. 
The l i n e a r l y - v a r i a b l e  d i f f e r e n t i a l  t ransformer i s  an  electromechanical  
t ransducer  which produces an e l e c t r i c a l  output  propor t iona l  t o  t h e  
displacement of a  movable core .  It c o n s i s t s  of a  number of c o i l s  a x i a l l y  
spaced on a  c y l i n d r i c a l  c o i l  form wi th  a  rod-shaped magnetic co re  i n s i d e  
t h e  c o i l  assembly t o  provide a  p re fe r r ed  pa th  f o r  t h e  magnetic f l u x  
between the  c o i l s .  

When the  primary o r  c e n t e r  c o i l  i s  energized wi th  a l t e r n a t i n g  c u r r e n t ,  
vo l tages  a r e  induced i n  t h e  secondary o r  ou te r  c o i l s .  The secondary c o i l s  
a r e  connected i n  s e r i e s  oppos i t ion ,  so  t h a t  t he  two vol tages  i n  t h e  
secondary c i r c u i t  a r e  oppos i te  i n  phase. The n e t  ou tput  of t h e  t r ans -  
former i s  t he  d i f f e r e n c e  of t hese  vo l t ages .  When t h e  core  i s  i n  t he  
c e n t e r  p o s i t i o n  t h e  output  vo l t age  i s  zero.  As t h e  co re  i s  d i sp l aced  from 
t h e  cen te r  p o s i t i o n  the  induced vo l t age  i s  increased  i n  t he  c o i l s  toward 
which the  co re  i s  moved, whi le  t he  vo l t age  induced i n  t h e  oppos i te  c o i l  i s  
decreased.  This produces a  d i f f e r e n t i a l  vo l tage  output  from t h e  t r ans -  
former which v a r i e s  l i n e a r l y  w i th  t h e  change i n  core  p o s i t i o n .  Only t h e  
upper h a l f  of t h e  co re  movement i s  used i n  the  spring-transformer s c a l e .  

!Iwo 2-wire-shielded cab le s  connect t he  sp r ing  t ransformer s c a l e  t o  
t h e  r eco rde r .  The recorder  supp l i e s  a  f i xed  vo l t age  t o  t h e  d i f f e r e n t i a l  
t ransformer and the  output  vo l t age  i s  fed  back t o  t he  r eco rde r  through a  









p a r t i a l  b r idge  c i r c u i t .  This c i r c u i t  c u t s  down t h e  output  vo l t age  and 
changes phase t o  match the  recorder  br idge .  Movement of t he  t ransformer 
co re  unbalances t he  output  vo l tages  between t h e  d i f f e r e n t i a l  t ransformer 
and recorder  br idge.  The d i f f e r e n c e  between t h e  two output vo l t ages  i s  
ampl i f ied  and used t o  d r i v e  t h e  balancing motor which i n  t u r n  d r i v e s  t he  
s l i d e w i r e  contac t  arm i n  t h e  d i r e c t i o n  t h a t  reduces t h e  d i f f e r e n c e  t o  zero.  

A 1 / 4  inch movement of t h e  d i f f e r e n t i a l  t ransformer core  moves t h e  
r eco rde r  i n d i c a t o r  and pen f u l l  s c a l e  range which i n d i c a t e s  100 pounds 
of load on t h e  spring-transformer s c a l e .  Therefore a f t e r  each 100 pounds 
of accumulative loading,  t he  recorder  i n d i c a t o r  and pen drop back t o  t h e  
zero reading.  The t o t a l  load on the  spring-transformer s c a l e  i s  t he  
reading  on the  recorder  p lus  100 times t h e  number of p ins  t r i pped  i n  t h e  
t ransformer core  s tepping  system. 



V I I I .  OPERATION OF RECORDING SYSTEM 

31. Determination of sediment concentration--The concent ra t ion  of 
suspended sediment i n  t h e  pumped sample i s  equal to- 

equat ion 1 

where- 
C i s  t he  average concent ra t ion  of suspended sediment (ppm) f o r  a  given 

per iod  of time. 
q, i s  t h e  dry  weight of t h e  suspended sediment ( l b s )  f o r  t h e  time 

period.  
P i s  t h e  t o t a l  weight ( l b s )  of t h e  pumped sample f o r  t he  time per iod .  

Because the  weighing pan i s  suspended i n  water  t h e  submerged o r  'Lwet" 
weight of t h e  sediment i s  recorded.  The dry  weight of t h e  sediment i s -  

2 * 6 5  x Ww = 1.606 x Ww h=m equation 2 

where- 
Ww i s  t h e  submerged weight of t h e  sediment. 

For any given per iod  of t ime t h e  submerged weight of t h e  sediment i s  t h e  
d i f f e r e n c e  between t h e  recorder  readings a t  t h e  beginning and end of t he  
measuring period.  S u b s t i t u t i n g  t h e  submerged weight of t he  sediment i n  
equat ion 1 - 

equa t ion  3 

The average c ros s - sec t iona l  a r ea  of t h e  sedimentat ion tank  between t h e  
high and low water  e l eva t ions  was determined t o  be 21.79 sq f t .  Pe r iod ic  
measurements of t h e  high and low water  e l eva t ions  were made and t h e  
average d i f f e r e n c e  was 0.174 f t .  Therefore t h e  average volume of t h e  
pumped sample i s  21.79 x 0.174 o r  3.79 cu f t .  The weight of t h e  pumped 
sample per  cyc l e  i s  3.79 x 62.4 o r  236 l b s .  The t o t a l  weight of t h e  
pumped sample w i l l  be - 

P = 236N equat ion 4 

where- 
N i s  t h e  number of pumping cyc les  during t h e  measuring per iod .  

The p re sen t  i n t e r m i t t e n t  pumping sampler has two pumping cyc les  per  hour ,  



By s u b s t i t u t i n g  f o r  P i n  equat ion 3 t h e  average concent ra t ion  of t h e  
suspended sediment i n  t h e  pumped sample f o r  a given period of time 
becomes - 

equat ion 5 

32. Operation of c rane  s c a l e  and recorder--The crane  s c a l e  and 
recorder  operated from October 23, 1957 through t h e  remainder of t h e  1957 
pumping sampler season, and through a l l  of t h e  1958 pumping sampler 
season.  

The load  capac i ty  of t h e  c rane  s c a l e  i s  2,500 pounds. Because t h e  
submerged weight of t h e  weighing pan and suspension c r a d l e  i s  325 l b s  
t h e  system w i l l  weigh a sediment accumulation up t o  2,150 l b s .  The c rane  
s c a l e  and recorder  i s  s e n s i t i v e  t o  t h e  n e a r e s t  f i v e  l b s .  

The recorder  c h a r t ,  F ig .  22, i s  a 120 f t  s t r i p  c h a r t  12 i n .  wide and 
has a n  11 i n .  c a l i b r a t e d  s c a l e  of 0-100. Therefore each l i n e  on t h e  c h a r t  
r ep re sen t s  one percent  of t h e  2,500 l b  t o t a l  load o r  25 l b s .  The c h a r t  
can be read  t o  t h e  nea re s t  f i v e  l b s .  The c h a r t  speed i s  314 i n .  pe r  hour. 

The f i r s t  per iod  of storm runoff dur ing  sampler opera t ion  was on 
J u l y  9 ,  1958. Four-hour-average concent ra t ions  were computed from samples 
c o l l e c t e d  a t  t h e  i n t a k e  dur ing  t h e  day, and from the  recorder  t r a c e .  
These r e s u l t s  a r e  shown i n  Table 7. The sampling e f f i c i e n c y  i s  expressed 
a s  t h e  r a t i o  of sampler concent ra t ion  t o  concent ra t ion  a t  t h e  in t ake .  
Because t h e  sediment d ischarge  cons i s t ed  most ly of f i n e r  than average 
m a t e r i a l  t h e  32 percent  d i f f e r e n c e  i n  t h e  average d a i l y  concent ra t ions  
agrees  reasonably we l l  w i t h  t h e  f l u s h i n g  water  t e s t s ,  Sec t ion  24. 

A s  t h e  recorder  t r a c e  i s  readable  t o  t h e  n e a r e s t  5 l b s ,  t he  a c t u a l  
weight may d i f f e r  by 2 1 /2  l b s .  This r ep re sen t s  a four-hour-average 
concen t r a t ion  of 2,120 ppm and a d a i l y  average concent ra t ion  of 354 ppm. 



FIG. 22  - RECORDER CHART 



TABLE 7 

SAMPLING EFFICIENCY 
J u l y  9 ,  1958 

33. Operation of t h e  spring-transformer scale--A more s e n s i t i v e  
weighing system, t h e  spring-transformer s c a l e  of Sec t ion  30, was designed 
s o  t h a t  t he  concent ra t ions  could be recorded more a c c u r a t e l y  and f o r  
s h o r t e r  per iods  of time. A 114 i n .  d e f l e c t i o n  of t h e  load  s p r i n g  repre-  
s e n t s  100 l b s  of loading  and f u l l  recorder  span s o  t h e  recorder  c h a r t  
reads  from 0 t o  100 l b s ,  F ig .  22.  The s c a l e  i s  s e n s i t i v e  t o  t h e  n e a r e s t  
one pound. 

Due t o  t h e  f requent  ope ra t iona l  f a i l u r e  of t h e  i n t e r m i t t e n t  pumping 
sampler and t h e  l o w  r i v e r  d i scharge  dur ing  t h e  1959 ope ra t ing  season t h e  
f i e l d  t e s t i n g  of t h e  spring-transformer s c a l e  was r e s t r i c t e d  t o  a  s h o r t  
per iod  of t ime and l i g h t  loading.  During p a r t  of t h e  ope ra t ing  pe r iod  
t h e  recorder  t r a c e  was very  unsteady.  Af t e r  t h e  r eco rde r  was brought 
back t o  t h e  l abo ra to ry  a t  t h e  end of t h e  ope ra t ion  pe r iod  a f a u l t y  w i r e  
connection was found i n  t h e  recorder  input  c i r c u i t .  V ib ra t ion  of t h e  
recorder  dur ing  pe r iods  of pump ope ra t ion  caused i n t e r m i t t e n t  breaking of 
e l e c t r i c a l  con tac t  a t  t h e  f a u l t y  connection. 

Dai ly a i r  temperature f l u c t u a t i o n s  i n  t h e  sampler s h e l t e r  caused a  
v a r i a t i o n  i n  t h e  r eco rde r  t r a c e  readings.  The i n d i c a t e d  load on t h e  



r eco rde r  was lowest dur ing  t h e  a f te rnoon maximum a i r  temperatures.  The 
maximum d i f f e r e n c e  i n  recorder  t r a c e  readings was 3 l b s  which corresponded 
t o  a d i f f e r e n c e  i n  a i r  temperature of about  30 degrees.  



I X .  FUTURE PROGRAMMING OF INTERMITmNT PWING SAMPLER 

34. Fur ther  work on p re sen t  ins ta l la t ion- -Al though the  pumping system 
i n  t h e  p re sen t  i n s t a l l a t i o n  has been reasonably s a t i s f a c t o r y  s e v e r a l  modi- 
f i c a t i o n s  should be made t o  improve opera t ion .  When t h e  i n t a k e  i s  
obs t ruc t ed  o r  t h e  end i s  bur ied  i n  sand t h e  p re sen t  s a f t y  switch on t h e  
s p l i t t e r  c o n t r o l ,  Sec t ion  9 ,  shu t s  t h e  system o f f  and i t  remains o f f  u n t i l  
manually r e s t a r t e d .  Poss ib l e  modi f ica t ion  of t h e  s a f t y  switch s o  t h a t  
t h e  system would r e a c t i v a t e  i t s e l f  i f  t h e  i n t a k e  i s  uncovered i s  being 
s tud ied .  Occasional ly deb r i s  on t h e  check va lve  obs t ruc t s  t h e  flow t o  t h e  
pump, The d e s i r a b i l i t y  of u s ing  a  l a r g e r  s i z e  o r  d i f f e r e n t  type of check 
va lve  i s  t o  be s tud ied .  A s tudy  w i l l  be made t o  reduce t h e  sediment 
removed from t h e  sedimentat ion tank by t h e  f lu sh ing  water .  

The l i m i t a t i o n s  of t h e  p re sen t  i n t a k e  s t r u c t u r e  were descr ibed  i n  
Sec t ion  17. Future  work on t h e  i n t a k e  s t r u c t u r e  w i l l  be  d i r e c t e d  towards 
improvements t h a t  permit t h e  i n t e r m i t t e n t  pumping sampler t o  o p e r a t e  over 
longer  per iods of time wi th  fewer i n spec t ions .  

The weighing system was made more s e n s i t i v e  by the  use  of t h e  spr ing-  
t ransformer s c a l e .  I f  p r a c t i c a b l e  t h e  s c a l e  w i l l  be  improved t o  i nc rease  
i t s  s e n s i t i v i t y  and e l imina te  t h e  temperature e f f e c t .  

35. Future  i n s t a l l a t i o n s - - F u t u r e  development of t h e  i n t e r m i t t e n t  
pumping sampler w i l l  be  d i r e c t e d  towards adap ta t ion  t o  small  o r  ephemeral 
s t reams.  The f i r s t  s t e p  w i l l  be  t o  develop a  p o r t a b l e  sampler so  t h a t  
t h e  r ep re sen ta t iveness  of samples and t h e  dependabi l i ty  of ope ra t ion  can 
be  determined on a  number of s t reams.  The u n i t  w i l l  have i t s  own e l e c t r i c  
system. 

The samples c o l l e c t e d  by t h e  f i r s t  p o r t a b l e  i n t e r m i t t e n t  pumping 
sampler w i l l  be  c o l l e c t e d  i n  b o t t l e s  f o r  r o u t i n e  labora tory  a n a l y s i s .  
L a t e r  a  recording system may be developed. 



X.  CONCLUSIONS 

36. Conclusions--The i n t e r m i t t e n t  pumping sampler c o l l e c t s  a  28 ga l lon  
sample every 30 minutes.  The sample i s  pumped i n t o  a  sedimentat ion tank 
and the  suspended sediment i s  weighed a s  i t  depos i t s  on a  weighing pan 
near t h e  bottom of t he  sedimentat ion tank.  

The i n t e r m i t t e n t  pumping sampler maintained a  76 percent  ope ra t iona l  
record dur ing  t h e  f i r s t  f u l l  season of ope ra t ion  i n  1958, bu t  because of 
f requent  f a i l u r e s  due t o  low r i v e r  d i scharge ,  t h e  ope ra t iona l  record 
dropped t o  42 percent  f o r  t h e  1959 season. Most of t h e  opera t iona l  
f a i l u r e s  were caused by f i s h  i n  t h e  i n t a k e  o r  by sediment covering the  
in t ake  opening. A f i s h  t r a p  has prevented f i s h  from harming the  pumping 
system but  t h e  p re sen t  i n t ake  s t r u c t u r e  w i l l  no t  provide continuous 
sampling i n  a shallow s h i f t i n g  r i v e r  wi thout  f requent  maintanence, 

The p r e s e n t  i n t e r m i t t e n t  pumping sampler w i l l  c o l l e c t  a  r e p r e s e n t a t i v e  
sample from a  low v e l o c i t y  stream w i t h  suspended sediment c o n s i s t i n g  of 
f i n e  sand s i z e s  and smal le r .  Samples pumped from streams of higher  
v e l o c i t y  and w i t h  suspended sediment of coa r se  sands w i l l  conta in  a t  l e a s t  
80 percent  of t h e  concent ra t ion  a t  t h e  in t ake .  The average c ross  s e c t i o n  
concent ra t ion  of t h e  North Loup River was 19 percent  g r e a t e r  than the  
concent ra t ion  of t h e  r i v e r  a t  t he  sampler i n t ake .  

During per iods  of very f i n e  suspended-sediment d ischarge  t h e  f lu sh ing  
water  removes up t o  35 percent  of t h e  sample concent ra t ion  from t h e  
sedimentat ion tank .  The average sediment l o s s  of t h e  present  i n t e r m i t t e n t  
pumping sampler i s  23 percent .  Addit ion of a  f l o c c u l a t i n g  agent  would 
decrease t h e  sediment l o s s .  

The spr ing-  t ransformer s c a l e  can measure t h e  weight of t he  depos i ted  
sediment t o  t h e  nea re s t  one pound. The output  of t h e  present  s c a l e  i s  
a f f e c t e d  by temperature v a r i a t i o n s .  

I n  i t s  p re sen t  s t a t e  of development t h e  i n t e r m i t t e n t  pumping sampler  
could be opera ted  w i t h  success  a t  c a r e f u l l y  s e l e c t e d  s i t e s  bu t  more 
development  i s  needed be fo re  i t  can be recommended f o r  general  ope ra t ion ,  
p a r t i c u l a r y  on small  o r  emphemeral s t reams.  



X I .  APPENDIX 

37. Descr ip t ion  of gaging s t a t i on - -Desc r ip t ive  da t a  f o r  gaging s t a t i o n  
on North Loup River near  S t .  Paul ,  Nebr., a s  given i n  Surface Water Supply 
of t h e  U. S . ,  1957, P a r t  6-B: U. S ,  Geol. Survey Water-Supply Paper 1510. 

Locat ion:  Lat 41°15'35", long 98026'501', i n  s ec .  22, T .  15 N . ,  R .  10 W . ,  
on r i g h t  bank 310 f t  ( r ev i sed )  downstream from b r idge  on U. S. 
Highway 281, 3 mi les  n o r t h  of S t .  Paul ,  and 4 mi les  upstream 
from confluence w i t h  Middle Loup River .  

Drainage a r e a :  4,460 sq  m i ,  approximately, of which about 1,270 sq  m i  
c o n t r i b u t e  d i r e c t l y  t o  s u r f a c e  runoff .  

Records a v a i l a b l e :  May 1895 t o  October 1897, Apr i l  t o  October 1899, A p r i l  
t o  December 1903, August 1928 t o  September 1957. 

Gage: Water-stage r eco rde r .  Datum of gage i s  1,759.39 f t  above mean 
sea l e v e l ,  unadjusted.  P r i o r  t o  Aug. 16, 1928, s t a f f  gages a t  
s eve ra l  s i t e s  w i t h i n  1 m i l e  of p re sen t  s i t e  a t  var ious  datums. 
Aug. 16, 1928 t o  Mar. 19, 1934, cha in  gage and Mar. 20, 1934, 
t o  Sept .  8,  1954, water -s tage  r eco rde r  a t  s i t e  50 f t  upstream 
a t  datum 3.0 f t  h igher .  Sept .  9-30, 1954, water -s tage  recorder  
a t  p re sen t  s i t e  a t  datum 3.0 f t  h igher .  

Average d ischarge :  31 years  (1895-97, 1928-57), 888 c f s .  (642,900 
acre- f  t pe r  y e a r ) .  

Extremes: 1895-97, 1899, 1903, 1928-57: Maximum discharge  90,000 c f s  
(est imated)  June 6, 1896; minimum d a i l y ,  85 c f s  Aug. 8 ,  1941. 

Remarks: Records f a i r  except those  f o r  per iods  of i c e  e f f e c t ,  which a r e  
poor. Discharge measurements gene ra l ly  made once a week. 
Natural  flow a f f e c t e d  by d ive r s ions  and ground-water with-  
drawals f o r  i r r i g a t i o n  and r e t u r n  flow from i r r i g a t e d  a r e a s .  

Dai ly water  discharges of t h e  North Loup River f o r  per iods of sampler 
ope ra t ion  a r e  shown i n  Table 8 .  The f i g u r e s  shown a r e  from p rov i s iona l  
records  and a r e  sub jec t  t o  r e v i s i o n .  



TABLE 8 

DAILY WATER DISCHARGES NORTH LOUP 



TABLE 8 

RIVER FOR PERIODS OF SAbZPLEK OPEMTEQN 

~ ~ ~ - - - ~ - - -  1959 (Agr. 28 -Qc t .  26)  

S e p t  . Oc% . 
452 836 
452 905  
468 9 42 
47 6 9 30 

Apr. 1 May I J u n e 1  July1 Aug.1 S e p t .  



38. Descr ip t ion  of sediment s t a t i on - -Desc r ip t ive  da t a  f o r  sedimentat ion 
s t a t i o n  on North Loup River near  S t .  Paul ,  Nebr., a s  given i n  Qua l i t y  of 
Surface Waters of t h e  U. S , ,  1953, P a r t s  5-6: U. S. Geol. Survey Water- 
Supply Paper 1291. 

Locat ion:  A t  b r idge  on U. S. Highway 281, 60 f t  upstream from gaging 
s t a t i o n ,  3  mi l e s  n o r t h  of S t .  Paul ,  Howard County, and 4 mi les  
upstream from confluence w i t h  t h e  Middle Loup River .  

Drainage Area: 4,460 sq  m i ,  approximately, of which about 1,270 s q  m i  
c o n t r i b u t e  d i r e c t l y  t o  su r f ace  runoff .  

Records Avai lab le :  Water temperatures : Apr i l  t o  November 1948. 
Sediment records :  A p r i l  1946 t o  June 1953 (d iscont inued) .  

Extremes: 1946-53: Sediment concent ra t ions :  Maximum d a i l y ,  17,200 ppm 
Apr. 27, 1951; minimum d a i l y ,  no t  determined. 
Sediment loads :  Maximum d a i l y  463,000 tons June 22,  1947; 
minimum d a i l y ,  20 tons Aug. 3, 1946, Feb. 22, 1953. 

P e r i o d i c  suspended-sediment d ischarge  measurements were made on t h e  
North Loup River near  S t .  Paul ,  Nebr., from J u l y  1, 1953 t o  September 30, 
1958. Resul t s  of t h e  measurements made dur ing  per iods  of sampler ope ra t ion  
a r e  shown i n  Table 9. F ive  low water  measurements made by p r o j e c t  
personnel ,  2  a t  a s e c t i o n  near  t h e  s u r f a c e  water  gage i n  1958 and 3 a t  a  
s e c t i o n  near  t h e  sampler i n t a k e  i n  1959, a r e  included.  The f i g u r e s  shown 
a r e  from p rov i s iona l  records  and a r e  sub jec t  t o  r e v i s i o n .  

39. Resul t s  of S t .  Paul  i n t a k e  tes t s - -Tables  10,  11, and 12 show the  
r e s u l t s  of t h e  S t .  Paul i n t a k e  t e s t s  descr ibed  i n  Sec t ion  21, 
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TABLE 10 

~ S U L T S  OF S T A ~ A ~  INWKE 'FESTS 

R a t i o  

(1) 



TABLE 10 (continued) 

RESULTS OF STANDARD INTAKE TESTS 



TABLE 11 

RESULTS OF ELBOW INTAKE TESTS 

I (1) Concentration of splitter sample/concentration of river sample. 1 



TABLE 12 

1 (1) Concentration of splieter sample/concentration of river sample1 




